In the late 1990s many European countries started comprehensive restructuring of their energy industries, the typical ingredients of the reforms are full or partial privatization, vertical disintegration, liberalization. In this paper we focus on the way in which energy sector reforms affect social affordability. The aim of this paper is to analyze the effects of energy reforms on the household probability of experiencing utilities deprivation (that is, to be unable to pay scheduled utility bills) in seven European Countries: Denmark, Belgium, France, Ireland, Italy, Netherlands and Spain. The period of analysis is 1994-2001. We also explore the dynamics of utilities deprivations focusing on the causes behind deprivation persistence.
Introduction
In the late 1990s many European countries started comprehensive restructuring of their energy industries , the typical ingredients of the reforms are full or partial privatization, vertical disintegration, liberalization. These policies may have a direct impact on consumers' welfare through changes in the potential access to the services, changes in quality of the services and changes in the tariff structure. In this paper we focus on the way in which energy sector reforms affect social affordability. The utility bill is a non negligible component of consumers' expenditures and, as result of energy sector reforms and of tariff changes, the poor may face substantive losses in the consumer's surplus. For example, Ugaz and Price (2003) show that households in the bottom deciles of the income distribution suffer more intensively in absolute and relative (to their income) terms from tariffs rebalancing, particularly when under public ownership of the utilities there was crosssubsidies The aim of this paper is to analyze the effects of energy reforms on the household probability of experiencing utilities deprivation (that is, to be unable to pay scheduled utility bills) in seven European Countries: Denmark, Belgium, France, Ireland, Italy, Netherlands and Spain. The period of analysis is [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] . The data we use are from European Community
Household Panel (ECHP), a survey that allows comparability of responses across the above mentioned countries . We also explore the dynamics of utilities deprivations focusing on the causes behind deprivation persistence. We differentiate between household heterogeneity (household could be heterogeneous with respect to characteristics that are relevant for the chance of experiencing deprivations) and true state dependence (experiencing utilities deprivations in a specific time period, in itself, increases the probability of undergoing deprivations in subsequent periods). Then, controlling for observed and unobserved heterogeneity, we use the magnitude of average partial effects to investigate the relevance of any state dependence and the impact of energy sector reforms on the probability of experiencing utilities deprivations and on state dependence.
This paper contributes to the literature in the following three ways. First, it analyzes if energy sector reforms are beneficial to household consumers through the magnitude of the impact of these factors on the probability of experiencing utilities deprivation and on the probability of persistence in the status of deprivation. Note that we offer fresh empirical evidence on utilities deprivation in a period characterized by relevant restructuring and privatization reforms of utility sector, even if in its earlier stages ( ECHP data are unfortunately no more available beyond the years we consider): as far as we know, no previous studies focused on this issue. Second, we provide an analysis of the utilities deprivation dynamics identifying the causes of utilities deprivation: true state dependence, unobserved heterogeneity and/or observed
heterogeneity. Third, to analyze the dynamics of utilities deprivation, we use an econometric technique, proposed by Wooldridge 2005, able to estimate consistently a probit model with both lagged dependent and exogenous variables that have been never applied to this topic.
The paper is structured as follows. In section 2, we shortly review the trends in energy sector reforms in the EU.
Section 3 gives information about the data we use. In Section 4, we present the econometric technique we use to study the effects of energy reforms on the probability of experiencing utilities deprivation and on the probability of persist in the status of deprivation. Section 5 presents our empirical findings. Some conclusions are made in Section 6.
Energy sector reforms and household welfare: research questions
While one of the main advantages of energy sector reforms should be the extra efficiency engendered by an increased competition, in the first half of the 1990s, there is very little evidence of competition associated with reforms of energy sector in Europe, except for power generation (Hall, 1997) . In energy sector in EU, publicly owned companies continue to be important. In particular, in distribution, municipally-controlled companies are the norm (with the exception of the UK that is the only European country in having privatized entirely its electricity and gas industry, including the network infrastructures). Figure 4 , we report the evolution of an indicator of regulatory conditions (IRC) by country. This indicator takes a maximum value equal to six (maximum regulation) and a minimum value of zero (no regulation). It is computed averaging the OECD indicators of regulatory for the electricity and gas sectors. The latter indicators give information about state ownership, barriers to entry, involvement in business operations and market structure (Figure 1 and 2). Even if a high degree of discretion is involved in the computation of the OECD indicators, they have the merit of transparency: in facts, it is possible to trace each reported value to the underlying detailed information about policies and market conditions. We found that France exhibits the maximum level of regulation during the entire period of study (even if some energy reforms are implemented from 1998). Spain, instead, exhibits the lowest degree of regulation in 1994 and it implements further energy reforms during the period 1996-1999. The
Netherlands starts with a degree of regulation about five in 1995 and implements a fast reform program decreasing its regulation index between 1998-2000 to a score of two.
It is often assumed that privatized companies, operating in a liberalized context, will necessarily be more efficient and cost-effective than public ones leading to better quality of the services and changes in the tariff structure that will benefit consumers through lower prices. The empirical evidence, however, is mixed. Moreover, according to some critical evaluations, household energy prices do not seem to benefit from competition and improved efficiency: only industrial consumes have had some benefits from more competition because, at least in the earlier stages of reform, they were the only ones that could shop around for cheaper rates (Hall, 1997) . Household consumers may even suffer prices increase as a result of competition, as companies compete to win high-volume customers, while increasing prices for small consumers.
Also, unbundling vertically integrated activities may increase the costs of providing power if economies of vertical integration exist. Figure 3 show, respectively, the evolution of real electricity and gas prices in Europe from 1994 to 2001.
We have used Eurostat data about real household prices (tax included) in ppp at year 2000. During the entire period, Italy has the highest prices both in the electricity sector and in the gas sector. The Netherlands, one of the country that exhibits a fast deregulation, reports the strongest upward pressure on prices (especially, in the electricity sector). Note that electricity and gas prices result highly positively correlated (about 0.88). Instead, the correlation between the indicator of regulatory conditions (IRC) and the electricity and the gas prices results negative but low (respectively, -0.11 and -0.22): in first instance, deregulation seems to be associated with a slightly prices increase. Note that for the Netherlands the correlation between IRC and prices is above -0.8.
There are reasons to claim that the impact of energy utility reforms on the poor is either positive or negative. In facts, tracing such impact can be very complex. We may claim that energy sector reforms benefit the poor for the following reasons. First of all, reforms are supposed to contribute to growth (Cook and Uchida, 2001) and growth is required to reduce poverty and deprivation. Second, privatization is widely associated with development of the private sector (World Bank, 2001 ): privatization is supposed to increase the number of players who have a stake in making sure that the private sector operates efficiently (Kikeri et al. 1992) . Thus, competition and efficiency would benefit consumer through lower prices (lower production costs for industrial consumers). Thirdly, privatization is expected to provide fiscal benefits raising revenue for the government and by removing the burden for government to finance investment (Campbell-White and Bhatia, 1998) : this should allow the government to spend more on services for the poor (World Bank, 2000) .
Energy sector reforms may also have a direct impact on consumers' welfare through changes in the potential access to the services and changes in quality of the services. Note that these changes might penalize the poor. In facts, private firms in order to maximize profits are selective about the type of investment that they undertake and about the customers that they serve with a preference for supply large consumers. Chiwaya (1999) reports that a "possible consequence of private power participation in a small economy is that independent power generation may remove high-load factor customers from the grid system. This is likely to result in increasing the cost of serving the remaining customers and thus in more defections, with higher costs and lower system reliability to be borne by the economy in general" (pp. 305). Moreover, private companies also demonstrate selectivity in their disconnections of non-payers after electricity privatization. We observe a fast expansion in the level of billing and installation of meters; but, increasing connections as well as investing in the network infrastructure are usually not high priorities.
Finally, energy sector reforms may also penalize the poor through reduction in employment after privatization, sometimes affecting up to 50% of the workforce. "Employment cuts appear to be more severe under certain forms of privatization, such as the contracting out of certain parts of the industry and total privatization or where there is a combination of privatization and restructuring. Moreover, employment increases after privatization are rare and usually follow periods of large-scale retrenchment" (ILO, 1998, pp.1). There seems also to be evidence that privatization rises the disparity between pay levels within enterprises (Bayliss, 2002) . However, at the aggregate national level the impact on poverty is small because in the EU countries the employees in energy sector represent just over 1% of all employees.
Probably, however, the main direct impact on social welfare of energy utility reforms is through changes of tariffs, and particularly rebalancing when the companies shift way from cross-subsidies to the low users. This motivates our research: while a traditional approach to measuring welfare changes would consider statistical evidence on prices, consumption, and expenditures, in this paper we focus on non payment of utility bills, as reported by respondents to surveys in different countries and years. The advantage of this approach is that we can use micro-information on the characteristics of those households who declare to have experienced difficulties in paying their bills.
The importance of looking into micro information as a complement to more aggregate data has been recently stressed by research at the World Bank on poverty and energy reform in transition economies ( Lampietti et al., 2007) . The increase in tariffs for the poor can create an undesirable combination of high arrears in payment, reduction of consumption, shift to less priced but also less sustainable energy sources. These changes are not well captured by statistical aggregate data, and it is important to know them in order to achieve a better design of reforms ( for example establishing forms of compensation to the poor or lifeline tariffs). While the countries we consider are far richer than those considered in the above mentioned research, and consequently social affordability problems of energy reforms are less widespread, we suggest that in some circumstances regulators and policy makers may have an interest to know more on these issues. This motivates our research.
The data
In order to analyze utilities deprivation in EU, we use micro-data from all eight waves (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) We focus on seven European countries (we had to exclude other countries because of data availability problems):
Denmark, Belgium, France, Ireland, Italy, Netherlands and Spain.
2 Descriptive statistics about the sample composition by country are reported in Table 4 . In Table 5 , we reports utilities deprivation rates for each country from 1994 to 2001. We observe that Ireland and France are the countries with the highest utilities deprivation rates in 1994 (about 9%). The
Netherlands has, instead, the lowest proportion of population deprived in utilities: about 2%. In 2001, the percentage of people suffering utilities deprivations results lower in all countries. Note that the country that experienced the wider decrease in deprivation is Ireland. Table 6 gives some more information about who the household deprived in utilities are.
About 44% of the deprived household is also poor, 3 while only the 16% of the not deprived household is poor. As expected, deprived households have the highest percentages of female and low educated reference persons. The mean household size and the mean number of household worker members are, respectively, higher and lower for deprived households than the ones registered for no deprived households.
Finally, to describe the national reform patterns on vertical integration, entry regulation and public ownership by sector we use REGREF, a database developed by the OECD. See Figure 1 and 2 for details about the indicators construction, and Table 2 and 3 for descriptive statistics.
1 Note that, for Italy and The Netherlands, this question has been asked only if the household have declared some degree of difficulty in make ends meet. Therefore, our utilities deprivation indicator assumes value equal to one if both the household has been unable to pay bills and the household has experienced difficulty in making ends meet. 2 Note that information on energy domestic prices and utilities deprivation over the entire period 1994-2001 is available only for these six countries included in the ECHP. 3 Percentage computed using as poverty line the 60% of the median equivalent household income.
The Model

Static analysis
We construct an individual indicator of utilities deprivations that is equal to one if deprivation occurs and zero if it does not. This is a binary outcome variable, therefore we initially estimate the effects of energy regulation changes on the probability of being deprived using a standard probit model on repeated cross-section data with correction for clustering of errors at the household level of deprivation. The explanatory variables also includes household size, number of household working members, household equivalent income (in ppp), controls for sex, age and education level of the household reference person, year dummies and country dummies.
The results of the standard analysis might be not correct if there are households' unobserved characteristics that persist over time. Including unobserved heterogeneity, the model can be formally written as
where φ is the cumulative distribution function of the standard normal distribution, the dependent variable y it is the utilities deprivation state of household i at time t, c i is the household specific effect, x it is a vector of regressors (including energy regulation indicators), and the parameters β are the parameters that have to be estimated by maximum likelihood.
Dynamic analysis
To analyze how utilities deprivation evolves over time, we use a dynamic panel data probit model proposed by Wooldridge, 2005 (see also Poggi, 2007 , for an application).
In simple words, we analyze the impact of past deprivation on actual deprivation controlling for observed and unobserved heterogeneity. Note that this method requires a balanced panel.
For household i observed from time t=1 to t=7, 4 the conditional probability that deprivation occurs is (2) P(y it = 1⎪y it-1 , … , y io , c i ) = φ (z it γ+ρy it-1 + c i ).
where z i and z it are respectively vectors of time-constant and time-varying explanatory variables. Note that we are assuming the followings: first, the dynamics are first order, once c i is conditioned on; second, the unobserved effect is additive inside the distribution function, φ. As suggested by Wooldridge (2005) , the parameters in (2) can be consistently estimated by specifying a density for the household specific effect given the deprivation initial condition, y i0 , and the time-constant explanatory variables, z i . 5 Therefore, we assume that
where a 0 , a 1 and a 2 are parameters to be estimated and σ 2 a is the conditional standard deviation of the household specific effect, c i . Note that the vector z i appears in (3), and not on the right hand side of equation (2), because otherwise we could not identify the coefficients for the time constant covariates.
Given (2) and (3) 
Empirical results
In order to understand the impacts of energy sector reform on utilities deprivation and on its dynamics, we estimate the models presented in the previous section. We discuss the results in two stages. First, we present the estimate of the static analysis. Second, we show the results of the dynamic analysis emphasizing the importance of the dynamics in the model and the impact on the dynamics of energy reforms.
Statics analysis
In the first instance, we estimate on pooled data correcting the standard errors for correlation at the household level.
The estimates and the robust standard errors are presented in the first two columns of Table 7 . 6 The results are typical of those found in the literature of poverty and deprivation. The household probabilities of experiencing utilities deprivation is higher if the reference person is medium and low educated, and it is lower if the reference person is male; moreover, the probability of being deprived decreases when age rises, and when the number of household working members increases. As expected, only huge variations in income reduce the probabilities of experiencing utilities deprivation. Note that the probability of being deprived rises when the number of household member increases: if we consider the latter as a proxy of household energy consumption, we find that the probability of being deprived increases when consumption (and, therefore, the amount to pay) rises. Of most interest in this regression are the estimated coefficients on energy regulation indicators. A decrease in the degree of electricity or gas public ownership (i.e. privatization) rises the probability of experiencing utilities deprivation. Also, a reduction in the degree of electricity vertical integration increases the probability of being deprived.
Decreases in the entry regulation (i.e. liberalization) seem to not have statistically significant effects on utilities deprivation during the period of study. Finally, the probability of experiencing deprivation decreases over time and it varies across
Countries.
The previous conclusions may well be incorrect if there are unobserved characteristics which differ systematically between households. Thus, we move to panel analysis. Column 3 and 4 of Table 7 report coefficients and standard deviations using the random effects estimator and unbalanced panel (Column 5 and 6 report coefficients and standard errors using the random effects estimator and balanced panel). Much unobserved heterogeneity is found, but the results are similar at the ones of the standard probit model. Of most interest, only the estimated coefficient of the electricity vertical integration and the gas public ownership are clearly statistically significant. 7 Note that we also re-estimated the model correcting for correlation at the country level: the coefficients associated to electricity vertical integration and gas public ownership are still statistically significant, respectively, at 10% level and at 1% level. 8 Therefore, we can conclude that decreasing vertical integration in electricity sector and reducing public ownership in gas sector lead to higher probabilities of experiencing utilities deprivation in the period of study. 9 Instead, electricity public ownership and gas entry regulation are slightly statistically significant (at 10% level) only if the unbalanced panel is used (and if we do not correct for correlation at country level), thus no conclusions may be draw.
Dynamic analysis
The static analysis, that we made, indicates that reforms in the degree of vertical integration in the electricity sector and changes in the level of public ownership in the gas sector clearly affect the probability of experiencing utilities deprivation during 1994-2001. Thus, we ideally wish to understand the impact of these factors on the dynamics of utilities deprivation. But, in order to estimate the latter, we need to focus on the period 1995-2001 (using the information about the household levels of deprivation at 1994 as initial condition) and, during this period, we do not observe any reforms in the 7 These variables result statistically significant at 1% level if the unbalanced panel is used; while, they result statistically significant at 10% level if the balanced panel is used. The decrease in the degree of significance of these variables may be due to small variations in the sample composition when we move from the unbalanced to the balance panel. 8 The estimates are available up to requirement. 9 Note that we tested alternative specifications of the model. In particular, we tested the following specifications: first, a specification with area dummies at level NUTs 2; second, a specification including macro-economic variables; third, a specification including an index of the real household price for electricity and gas. All these specifications lead to the same level of public ownership. In particular, we observed that the level of public ownership changes only in Belgium and Italy from a degree of public ownership equal to five in 1994 to levels of public ownership, respectively, equal to one and three in 1995. No other variations are registered during the period of study. Therefore, our attention needs to be restricted to the impact of reforms in electricity vertical integration on the dynamics of deprivation from 1995 to 2001.
We estimate the dynamic probit model presented in Section 4 and we present in Table 8 the conditional maximum likelihood estimates and the asymptotic standard errors. In our specification of the model, we include a variable that captures the degree of vertical integration in the electricity sector in country j at time t: this is our variable of interest. As before, the explanatory variables also include sex, age and education dummies for the household reference person, household size, the number of household working members, the equivalent income, year dummies and country dummies.
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We also include for the time-varying indicator of vertical integration, the corresponding time-invariant dummies (vert_96,…, vert_01) in order to allow for a correlation between the household specific effects and the indicator of vertical integration. Following the same motivation, we also include as covariate the mean over time of the remaining time-varying variables. Note that our model permits us to correct for eventual selection and attrition problems and to solve the initial condition problem that arises since the start of the observation period does not coincide with the start of the stochastic process generating household deprivation experiences (see Section 4).
After controlling for the unobserved effects and observed heterogeneity, the coefficient on the lagged utilities deprivation is highly statistically significant . The initial value of utilities deprivation is also very important, and it implies that there is substantial correlation between the initial condition and the unobserved heterogeneity. In fact, the coefficient on initial deprivation (1.04) is larger than the coefficient on the lag (0.71). Moreover, the estimate of the conditional standard error of c i (σ a ) is equal to 0.65 and it is statistically different from zero: this means that there is a lot of unobserved heterogeneity. Among the explanatory variables included, if the reference person is male, the household has a lower probability of experiencing utilities deprivation. Instead, if the reference person is low educated, the household has a higher probability of experiencing deprivation. The probability of experiencing utilities deprivation decreases when the number of household working members rises and when the reference person becomes older. The coefficient of household size is positive and statistically different from zero. Of most interest, the estimate coefficient of the indicator of electricity vertical integration is negative and statistically significant: unbundling vertical integrated activities is associated with a higher results about the signs of the coefficients associated with vertical integration and public ownership (and their statistically significance). 10 The reference group is composed of Danish households with as reference person a high educated female; the omitted year dummy refers to 1996. probability of utilities deprivation. A possible explanation may be found in the presence of economies of vertical integration: in facts, unbundling vertical integrated activities in presence of economies of vertical integration increases the costs of providing power having, in last instance, upward pressures on prices (that are presumable positive correlated with utilities deprivation).
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Using the consistent estimator of the average partial effect illustrated in Section 4, we estimate the size of the dynamics. Thus, we estimate the probability of being deprived given that the household is or is not deprived in the former year. The difference is an estimate of the state dependence of being deprived in utilities. The probability to experience utilities deprivation given that the household is deprived in the former year is about 3.54%, while it decreases to 0.81% if the household is not deprived the year before. Thus, the estimation of the state dependence of utilities deprivation is about 0.0273: this means that households experiencing deprivations in the former period have 2.73% higher probability of being deprived than those not deprived the year before (Table 9 ).
We also estimate the impact of variations in electricity vertical integration on the conditional probability of experiencing utilities deprivation (Table 9 ). If we suppose that the vertical integration is maximum (that is, the indicator is equal to six), the probability of experiencing utilities deprivation is about 1.14%, but it increases to 2.87% if the household is deprived in the former year. If we suppose that the electricity vertical integration is minimum (that is, the indicator is equal to zero), the probability of experiencing utilities deprivation is 2.81% and it increases to 7.65% if the household is deprived in the former year. Therefore, the probability of experiencing utilities deprivation increases when vertical integration decreases (either if the household is or not is deprived in the former year). Of most interest, the estimated state dependence increases when electricity vertical integration decreases: if vertical integration is maximum, households experiencing deprivations in the former year have 2.22% higher probability of being deprived than those not deprived the year before, this probability increases to 5.57% if the indicator of vertical integration is equal to zero. Therefore, unbundling vertical integrated activities does not only increase the probability of experiencing utilities deprivation but it also increases the probability of persistence in the status of deprived.
Conclusions
This study provide an analysis of the effects of energy reforms on the household probability of experiencing utilities deprivation in seven European Countries (Denmark, Belgium, France, Ireland, Italy, Netherlands and Spain) during the period 1994-2001. The dynamics of utilities deprivations and the impact of energy reforms on the household persistence in the status of deprivation are also studied. Note that, using descriptive statistics, we show that in average only about 5.98%
of the households in the sample experiences utilities deprivation in 1994. At the end of the period of study, the percentage of people suffering utilities deprivations results lower in all countries.
Our main findings are the following ones. First, we do find evidence that unbundling vertical integrated activities in energy sector and reducing public ownership in gas sector lead to higher probability of experiencing utilities deprivation in the period of study. Second, looking at the persistence of utilities deprivation over time, we do find evidence of household heterogeneity and true state dependence, even after controlling for observed household differences. Observed household characteristics, and household initial conditions, also appear strictly related to the probability of experiencing utilities deprivation. Third, not only the probability of experiencing utilities deprivation increases when electricity vertical integration decreases, but the estimated true state dependence increases when vertical integration decreases.
While the effects we have been able to detect are small, and the overall utility deprivation issue is limited and decreasing in the countries we have considered, our findings suggest three questions for future research. First, the existence of true state dependence implies that regulators or policy-makers should focus on specific consumers, where the simple fact of having been unable to pay a bill is an important predictor of future behavior. Thus, matching survey data with information available to the suppliers would offer a more complete picture of the problem and would help to identify possible remedial actions.
Secondly, there is some (limited) evidence that decreasing public ownership increases utility deprivation. While this finding may seem to go against the efficiency rationale of privatization, and the implication of lower costs (and prices, under competition) it is, however, consistent with the traditional objectives of state-or municipally owned companies and their pricing policies.
Third, and perhaps more controversial, we have found robust evidence that unbundling increases the probability of deprivation. This is what one would expect if there are economies from vertical integration that are going to be lost after restructuring. In fact, full liberalization was not operative in the years we consider, and one may think that those costs are necessary to achieve future benefits of competition on subsequent years. This is, however, an issue that has to be left to Country scores (0-6) No, free entry in all markets Yes, in some markets Yes, in all markets Do national, state or provincial laws or other regulations restrict the number of competitors allowed to operate a business in at least some markets in the sector: gas production/import 1/3 0 3 6
Public ownership:
None Between 0 and 100 % 100% What percentage of shares in the largest firm in the gas production/import sector are owned by government?
1/3 0 3 6
What percentage of shares in the largest firm in the gas transmission sector are owned by government? 1/3 0 3 6
What percentage of shares in the largest firm in the gas distribution sector are owned by government? 1/3 0 3 6
Vertical Integration:
Ownership separation Legal/Accounting separation Integrated What is the degree of vertical separation between gas production/import and the other segments of the industry? 1/2 0 3 6 What is the degree of vertical separation between gas supply and the other segments of the industry? 3/10 0 3 6
Is gas distribution vertically separate from gas supply? 1/5 0 3 6
Country scores (0-6) Sjbj Skck answerjk Source: OECD Note: vertical integration refers to the electricity sector and it is an indicator assuming value between zero (minimal vertical integration) and six (maximum vertical integration); deprivation is utilities deprivation.
